Abstract: This paper presents some results of zeta potential measurements performed into biosurfactant adsorption onto magnesite and serpentinite surface. Zeta potential and isoelectric point measurement of magnesite and serpentinite particles before and after interaction with biosurfactant broth solution and activator (nickel(II) ion solution) were carried out. The zeta potential results show that presence of biosurfactants changes both magnesite and serpentinite surface potential by physical adsorption which increases the hydrophobicity of mineral particles. Measurements of particles zeta potential in the presence of biosurfactant broth are relevant to the minerals flotation. Hallimod flotation response of magnesite and serpentinite as a function of collector concentration was investigated. Bioflotation test results show that at the presence of broth, the flotation separation of magnesite from serpentinite is possible.
Introduction


The phenomenon of solid surface biomodification is still an open issue despite some attempts to explain it. According to Rao [1] , biomodification is a complex action of microorganisms where the metabolic products are adsorbed on the mineral surface. The biomodification of mineral surface can be realized in three ways. The first way is attachment of bacteria cells to the solid surface. The oxidation reaction realized by special strains of bacteria at the metal sulfides is the second way. The adsorption of biosurfactants and biopolymers on the surface makes the third way of biomodification.
The adhesion of bacterial cells to the mineral surface changes the flotation behavior of the minerals. The effect of Bacillus subtilis and Mycobacterium phlei on dolomite and apatite was investigated [2] .
Mineral separation by using microorganism during the flotation process is called "bioflotation" [3] . The application of chemolithothrophic bacteria such as Acidithiobacillus ferrooxidans, Acidithiobacillus thiooxidans, and Leptospirillum ferrooxidans [4] is based on the biooxidation of sulfate minerals. The depression of pyrite is due to the modification of the free surface energy of pyrite [5] . It is attributable to bacteria adhesion and bio-oxidation. The adhesion of L. ferrooxidans cells on the pyrite surface caused flocculation at all pH values. The biopolymers produced by bacteria are responsible for bridging the mineral particles and caused flocculation [6] . EBP (extracellular bacterial proteins) isolated from Paenibacillus polymyxa were used for selective separation of both pyrite and chalcopyrite from quartz, sphalerite and galena [7] . Flocculation experiments showed that in the presence of proteins (EBP), pyrite and chalcopyrite showed highest settling rate [8] .
Interaction of hydrophobic bacteria cells (Rhodococcus opacus) with the mineral surface was investigated in a hematite-quartz flotation system [9] .
Rhodococcus opacus is gram positive bacteria. The cell wall of R. opacus contains some polysaccharides which interacted with the mineral surface. The interaction energy between bacteria and the mineral surface was calculated using the classical DLVO theory with the X-DLVO [10] .
Separation of quartz from hematite was done with the use of sulfate reducing bacteria like Desulfovibrio desulfuricans. The interaction of these bacteria with minerals caused to quartz render more hydrophobic while hematite to become more hydrophilic [10] .
Biosurfactants are amphiphilic compounds containing both hydrophophilic and hydrophilic parts and are produced by a different family of living microorganisms such as bacteria, yeasts, and fungi.
Biosurfactants display specific properties such as:
emulsification, frothering, dispersion and surface activation reagents [11] . Biosurfactants have widely application in different industrial branches including pharmaceutics, cosmetics, agriculture, and MEOR (microbial enhanced oil recovery) [12] . Applications of biosurfactants in environment industries are focused on the remediation of heavy metal contaminated in soil and water. It was presented that the introduction of rhamnolipids enhanced the removal of arsenic and metals (Cu, Pb and Zn) from mine tailings [13] .
The carbonation processes are proposed for CO 2 storage and it is a way to the reduction of atmospheric emission of CO 2 [17] [18] [19] . Serpentinite ore is mined simultaneously with other industrial minerals such as magnesite, quartz, talc, soapstone and chromium. After the magnesium separation, the ore is stored as a tailing.
Initial weathering of the serpentinite tailings is accompanied by the solution with Ni(II) ions. Also, SiO 2 is mobilized during weathering [20] . For this reason, both serpentinite and quartz are activated by Ni(II) ions. The present study was aimed at finding suitable conditions for serpentinite separation from magnesite mine tailings. The role of Ni(II) ions and biosurfactants was described by the surface properties of serpentinite and magnesite investigation [20, 21] .
Materials and Methods
Biosurfactant Synthesis
The biosurfactant was produced by pure culture of Sterptomyces sp. Microorganisms were grown in the mineral salt medium [PPMP] containing 25 mM sucrose as carbon source and 10 mM glycerol as a biosynthesis precursor. The surface tensions of the culture broth were determined at 25 o C with a ring tensiometer Krüss 12 T (Kruss Optische-Mechansche Werkstatten, Hamburg, Germany) as a qualitative indicator of biosurfactant production. The minimum surface tension value reached 29.7 mNm-1. The culture growth was determined as optical density changes of fermentation broth at wavelength 550 nm (OD 550 ) using a spectrophotometer. The cultures from the end of exponential growth phase were centrifuged (3500 rpm for 25 min) and the cell-free culture broth was used as the feed for flotation experiments.
Mineral Samples
The research was carried out using serpentinite (Mg 3 (Si 2 O 5 )OH 4 ) and magnesite (MgCO 3 ) obtained from magnesite mine Grochow (Lower Silesia, Poland). The particle size distribution of the mineral particle was determined using a Malvern Mastersizer 2000. The particle size analysis shows that mean diameters for magnesite and serpentinite were 216.1 µm and 217.5 µm, respectively. The specific surface area of the samples was measured using a FlowSorb II 2300, according to the BET method. The BET surface area was found to be 7.6 g m -2 for magnesite and 6.6 g m -2 for serpentinite. Moreover, the XRD (X-ray diffraction analysis) ( Table 1 ) and chemical analysis XRF (X-ray fluorescence spectroscopy) ( Table 2) were performed to obtain full characteristics of mineral samples.
Adsorption Experiments
The initial nickel solution was prepared by dissolving nickel(II) chloride hexahydrate (POCh) in In the adsorption experiments, 1 g of adsorbent (magnesite or serpentinite) was placed in a flask containing 100 ml of nickel ion solution with the suitable concentration. The flask was incubated in a rotary shaker (50 rpm) at the temperature of 25 o C.
When the equilibrium concentration of nickel ions was reached (after 24 h), the liquids were filtered and nickel ion concentration was measured using ICP (inductively coupled plasma) spectrometry. The amount of adsorbed metal was calculated.
Zeta Potential Measurements.
The zeta potential values of magnesite and serpentinite were measured using a Malvern ZetaMaster. The mineral samples (< 40 µm) were dispersed in a 1 mM NaCl solution and the pH was adjusted using diluted solutions of HCl and NaOH. All experiments were conducted with the pH progressively changed from pH 10 to 1.5. The zeta potential of magnesite and serpentinite particles was measured in the presence and in the absence of modifier (biosurfactants solution) and activator (nickel ions).
Microflotation Studies
The flotation experiments were conducted using the glass Hallimond tube (height of 43 cm; diameter of 3.8 cm; total volume of column was about 500 cm). Pure nitrogen at a flow rate of 50 ml/min for 30 min was used for flotation. For flotation tests, 1 g of mineral samples was added to 0.12 dm -3 total volume suspensions. The suspension containing biosurfactants or anionic surfactant sodium dodecyl sulphate (SDS was purchased from POCh-POLAND) was transferred to the microflotation tube and floated. Before flotation, mineral samples were activated with a variable concentration of hexahydrate nickel chloride solution (0.5 mM, 1.0 mM, 3.0 mM, 5.0 mM, 0.05M, respectively) for 1 h. The biosurfactants and SDS were conditioned with activated mineral for 2 h. The settled and floated fractions were separated, dried and weighed. The obtained results in the concentrate were expressed as flotation recovery. Flotation recovery was calculated as the ratio of floated to unfloated minerals.
Results and Discussion
A knowledge of the surface potentials on the mineral-solution interface is important to establish the possibility of separation of serpentinite and magnesite. The values of zeta potential of serpentinite were presented as a function of pH for both serpentinite and active serpentinite in Fig. 1 . As showed in Fig. 1 , the zeta potential of serpentinite changed with increasing of pH of water suspension. The isoelectric point was observed to be at approximately pH = 4.5. It was also observed that the interaction of nickel ions caused an increase of positive value of zeta potential of serpentinite particles. This may be due to the selective adsorption of nickel ions on the serpentinite particle surface. The positive value of zeta potential of activated serpentinite was correlated with the concentration of nickel ions in the solution. An increase of concentration of nickel ions caused an increase of positive values of zeta potential of serpentinite samples (Fig. 1) .
The zeta potentials of magnesite particles before and after interaction with nickel ions solution were depicted in Fig. 2 . The magnesite surface showed negative values of zeta potential in the investigated pH-range. In contrast to pure magnesite, magnesite activated by Ni(II) ions showed positive values. Only at the low concentration of nickel ions (1.0 mM) two isoelectric points were observed (pH iep (I) = 6 and pH iep (II) = 8).
The effect of nickel(II) ions concentration on the zeta potential of both minerals was presented in pH = 7 (Fig. 3) . Upon ions adsorption, the mineral surface becomes increasingly covered with nickel ions and zeta potential versus ion concentration curves become less negative for serpentinite and positive for magnesite. This trend is similar to the electrokinetic behaviour of kaolinite with mono-valent cations such as Li + and Na + and double-valent cations such as Ca 2+ and Mg 2+ [20] .
The effect of biosurfactant conditioning on the zeta potential of serpentinite is presented in Fig. 4 . A shift of pH iep values from Ph = 4.5 to pH = 2.0 was observed.
These results appear to show that this biosurfactant is negatively charged and readily adsorbed onto the serpentinite surface, resulting in zeta potential changed. Consequently, the adsorption of biosurfactant onto the magnesite surface caused an increase of negative values of zeta potential. The amounts of Ni(II) ions adsorbed to serpentinite and magnesite particles are presented in Fig. 6 . These results correspond with the zeta potentials of silicate minerals activated by Cu(II) and Ni(II) ions [21] .
The flotability of serpentinite and magnesite as the concentration function of typical anionic collector like SDS (sodium dodecylosulphonate) at the pH range of 7.7 -8.4 is presented in Fig. 7 . Good flotability is observed for pure minerals and also for minerals whose surface was treated by Ni(II) ions solution (activated surface). Practically, no separation conditions for these two minerals were observed. The improve conditions for selective separation between serpentinite and magnesite was observed in the flotation experiments carried out with both minerals, when the fermentation broth with biosurfactant was used as collector reagent. The recovery after 30 min flotation for activated magnesite was up to 50%, while the recovery of activated serpentinite was only 35%. Better flotation 
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conditions were for pure minerals. The recovery for magnesite was 40% but for magnesite the recovery was only 5% (Fig. 8 ). These results demonstrate the potential of separation of magnesite and serpentinite using fermentation broth with biosurfactant as a collector at neutral pH. The separation of these two minerals is also possible when the surfaces of minerals were activated by Ni(II) ions.
Conclusions
The zeta potentials of serpentinite and magnesite before and after the surface activation by nickel ions These differences remained after the activation of mineral surface by nickel ions.
